
1284 MONTHLY WEATHER REVIEW. AUGUST, 1911 

IS THE HEAT GENERATED BY GREAT CITIES CHANGING THEIR CLIMATES? 
By ANDREW H. PALMER, Blue Hill C)bservatory. 

The statement has frequently been inade that the 
heat generated by great cities is changing their c-liniateb, 
causing them to grow warnier and clrier. I t  is rnain- 
tained that heat from many and varied s~)urceb is mis- 
iiig the average temperature of the iiir for it distniice uf it 
mile or more above the large cities. It is further alleged 
that zero temperatures, which were once conimon dur- 
ing winter in certain cities are now infrequent; that the 
rainfall has decreased Itt a p:trticularly rapid rii te cluriiig 
recent years; that the snowfrill is getting less nnd less 
each winter; and that the number of cloudless dnps lins 
increased from year to  year; :dl of which are readily 
explained by the reported discovery of incrensing city 
temperatures. One o f  the champions of tliehe views is 
reported to have said: “If these conclu*ioxis are well 
based, then we must look forwsrcl to :in increltsiiig degi ee 
of artificial interference with the course of n:tture as the 
population ancl its fuel consumption grow.” Hdf R 
century ago Mr. Luke Howard obhervecl that “the ten-  
pmtture of the city (London) i* not to  be conhidereel t h t  
of the cliinate; it  partakes too much  of t t i i  artificial 
warmth, induced by its structure, by a crowded popula- 
tion, and the consumption of great qunntitieq of fuel in 
fires.” (Quarterly Journd o f  the hfeteorological Society, 
Vol. 111, 1S77, p. 313.) hir. H. S. Enton, while iresi- 

delivered before that society Februnry 21, 1877, “M%n 
can doubt that the clinilate of London hns been modified 
by the erowtli of its population ancl of the consumption 
of fuel P J  He cdculitted that the nrtificid nnd aninid 
heat. liberated within the city was sufficient to  raise the 
mean temperature of a stratum of air 100 feet thick over 
the 118 square miles of metropolitan London 2.Ei0 every 
hour. 

L%artling statements of this kind naturally invite :z 
tert of their truth. Surh a teht is ntteniptetl in the fol- 
lowing study of the cliintitic Cliiiracteristic< o f  Bd)vtoii, 
hftiss. Thc tlattt foniiing tlic I)a.;ih for the stittly : t r ~  
taken from the official recortl.: o f  the Uiiitml St:ttes 
Weather Bureau aiicl of Blur Hill 0t)wrvatory. Kec- 
orcls of tlic Signal Service mil of the We:ttlier Burenu 
cover the period from 1 S i l  to 1910, inclusive, wliile 
records of the Blue Hill 0bserv:itory corer the last 

If there h:ts been ally change iii the 

should be evident from a coiiip:zrison of the rec*ords of 
the two institutions. TiVliile Boston has changed greatly 
within the 40 years for which datii are available, the 
immediate environment of Blue Hill Observatory has 
remained practically unchanged since its founclntion by 
Prof. A. Lawrence Rotch in 1SSEi. During the 
considered the exposure of the instruments a t  the oston 
office of the Weather Bureau was changed twice, but as 
the displncemerlt in each case wiis a matter of a few feet 
only, no correction was niade by the bureau. The instru- 
ments are at  present located u on the roof of the post- 

above mean sea level. At the Blue Hill Observatory the 
instruments are kept outside in an inclosure about 50 
feet from the building, their height being 635 feet above 

dent of the Meteorological Society, asked in an :tc 1 dress 

uitrter century. 
c 7 imatic characteristic, of Boston within rewnt yrsrs it  

office building, 115 feet above t r ie street level, or 125 feet 

sell level. The sanie kinds of standard instruments are 
eniplo~ed ut the two stations, the thermometer in each 
chase being kept in a Hazeii shelter, and the cylindrical 
r;iiii gauge resting upon the roof in Boston and upon the 
prouiicl lit Blue Hill. 

TEMPERATURE. 

In  Titble I are given tlie mean annual teniperatuies at  
Boston :uid zit Blue Hill for 40 j-etirs, the data for Blue 
Hill )rc.vious to  lSSG having been interpolated from a rec- 
ord Ikt‘pt ;tt Milton Center (33 miles northeast of arid 580 
feet lower tlinn the observzttory), t tnd coriected to niake 
them continuous with those since obtained at  the obser- 
vatory. From tlie fact, that the differences between the 
inem :ziiiiud teiiiperiztures of Boston and Blue Hill are 
not incieizhing from year to  pear it is not apparent that 
the iiicrenvecl minunt of hetit evolved at the former place 
is haring siiy appreciablt effect upon its temperatures. 
hlcweover, the qeneriil trend of  the temperatures of Bos- 
ton is about stationnry, there being no persistent change 
u p w t r d  or dowirvizrd. Like all other c iniatic data, the 
~iieixii temperature varies from year to year, but a 
snioi dhed curve representing theni till would be prac- 
tically a straight line. A comparison shows that all of 
the nieni: :~,nnunl teiii erntures o f  Boston ore somewhat 

found whenever urban and suburban temperatures are 
compnrecl, and are usually explained by such differences 
between the two places as (a) the greitter heat retaining 
pnwer of buildings, street. pavements, etc, in cities as 
coiitr;tsted with open fields; ( b )  the relatively stagnant 
condition of the air in cities owing to the sheltering 
eflects of structures as compared with the ease with 
which air is niised by the wind in the outlying districts; 
and ( c )  a lesser radiation of heat at night in cities because 
of the presence of smoke. After discovering that) the 
iniiiiinuni t eniperstures recorded during the cold waves 
of Jmu:iry, 1S84, in the larger cities of Ohio were from 
2’ to So higher than those recorded in the outlying dis- 
tricts, Prof. T. C. Mendelilia11 concluded that the dis- 
crepsncie.: were explained largely by diflerences in e s  o- 
sure lwtween tlie two groups of stations. (Science, 81, 
1984, p. 306.) So largely are temperatures affected by 
the environment of the thermometer that he urged that 
stations be placed near, rather t l i i ~ i  in, large cities, suffi- 
ciently distant t.) remove them froin local effects, a policy 
now being pursued to some estent by the Weather Bureau. 
This perqistent diFerence bet ween urban and suburban 
temperatures should not be confused with the alleged 
progressive increase in city temperatures. It should also 
be stated at  this point that the “sensible temperature” 
in the city is higher than that in the country because of 
the grenter radiation and reflection of heat) from walls 

Comparisons of this kind are important in deciding 
the question n t  issue, for when the Boston temperatures 
alone are studied it is liard to reach a conclusion, as the 
data are irregular and sometimes conflicting. Two years 
have had mean temperatures a t  least 2’ below the 

higher than those for B lue Hill. Similar diferences are 

s in the fnrmer place. 
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nornittl for the period, these years being 1875 and 1904, 
while in but one year was the mean 2 O  or more above the 
iioriiiul, that year being IOOS. In  regard to the sea- 
sons, the winters of 1S80, 1890, and 1906 hncl positive 
departures of 4' or more from the inenn winter teinper- 
ature for the period, nhile the winters of lS73,  1S75, 
1904, and 1905 lint1 negative depiirtures vf the same 
amount. (By the winter of tiny yenr is nwnnt the win- 
ter during which the yenr began-the winter of 1 SSO, 
for example, means the winter of Deceniber, 1879, to 
February, 1SSO.) The springs of 1S'il. 1894, 1902, 1903, 
a n r l  1 O 1 O  had positive departures of 3' or niore, while 
those of 1S74, 1SS2, 1RS5, m i l  ISSS had equally large 
negative depwtures. The suniiners of 1872, 1876, 1900, 
and 190s were S O  or more warnier than the mean, while 
those of ISM, 1902, and 1903 were that inuch colder 
than the average. In  1 881, 1900, and 1908 the autumns 
were at  least 3' higher than the ttvernge, while in 1871, 
1873, 187.5, ant1 1876 they were that much coltler than 
the mean. Ten of the 1.5 relatively wtrm se:woiis 
occurred during tlie second half of the period, while 1 I 
of the 15 relittively cold seasons occurred during the 
first half. 

In Table I1 are given the warm ant1 cold months tlur- 
ing the last 40 years, a month having been termed warm 
or cold when its departure equdecl or esceedetl the 
aniount stated. These amounts are wholly arbitrary. 
By itctual count 16 relatively w ~ ~ r x n  montIis occurred 
in the 20 years 1871 to IS90, inclusive, while 23 nccurrecl 
durin the 20 years 1891 t o  1910, inclusive. Moreover, 
26 rektively c o ~  niontlis occurred during the first of 
these two periods, while but 12 occurred during tlie 
second. 

The number of clays ( ( 1 )  with a niiisimunl tenipera- 
ture of  32' or below, ( b )  with a miniiiiuni teinperature 
of 35' or below, and ( e )  with n miniiiiuln tempernture 
of 0' or belo\ir for each of the winters from IS72 to 1909 
is given in Table 111. An inspection of the table will 
show that, although tlie number of days in each case 
varies from year to year, tin persistent increav or decreme 
is (I. parent, unless it be the fact that during the first half 

ininimuin tempernture of  0' or below, while during tllr 
latter lutlf there were six such yenrs. During the 1s 
winters preceding that of 1890-91, 51s days had mnsinia 
of 32' or below, while cluriiig the 1s years following it 
there were ,572 such dnys. Of tlnys hiiving ininimuiii 
temperatures of 32' or below, 2,OAfj occurretl tluring the 
first of these prriods, while 1,978 occurred in the secoiltl. 
Again 66 clays in the earlier period had minimuni t em- 
peratures o f  O o  or lower, while there were but 39 sucli 
days during the later period. As fsr :ts ni~xiinuin tem- 
perntures are concerned, it wns found that during the 
period IS72 to 1908, inclusive, there werc 261 chys on 
which the temperature reached 90'. Of tliese 134 
occurred before 1890, while 123 occurred since that yenr. 

Observtitiotis nintle at Baltimore, Md., during a periocl 
(Jf 88 years, 1817 to 1904, inclusive, do not leritl support 
to tlie contention stated tlt the be inning. (0. L. Fns- 
sig, The Clinirtte and Weather of Baltimore, p. 93.) 
During the first hdf of this period the xilean tempera- 
ture in each of two years was at least 3' lower thwn tlie 
normal, while durine the latter half the number W'RS 
four. On the otherxand six of the first 44 years were 
at  least 2' warmer than the normal, while but two of 
the last 41 years were similarly wirin. The latter fact 
is exactIy contrary to what one should expect if the con- 
tention stated above were true. It is interestin to note 

of t P le perio(l in only one winter there were no clays with 2% 

that whereas the mean temperature for the who P e period 

is 55.6', tlie mean for the 

sive, is hut 55.3'. 
Data obtained from the nrchiver of the Obwrvatory 

of Paris, covering a period of 71 years, 1800 to 1570, 
inclusive, fail to sliou tiny heating effect caused 'by tlie 
increasing amount of heat evolved by that city. The 
average temperature for the 35 years preceding and suc- 
ceeding the yenr 1835 is extctly the same, 51.3" Three 
negative tlepartures in the niean annual temperature 
aniounting t o  at  least 2' occurred in each half of the 
period, whereas all the positive departures of that 
amoiint, three in nuniber, occurre(1 during the first 35 
v e itrs . 

eriod 1817 to 1870, inclusive, 
is 55.9', while that froin t P le period 1571 to  1903, inclu- 

PRECIPITATION. 

In  Table IV nre cont,ained the annual precipitation for 
Boston during the last 40 fears and that for Blue Hill 
t,Iie last 25 years. While the preciptation varies greatly 
from year to year at each of the two plitces, there is no 
itpyarent increase in the difference be.tween the two 
such as would be tlie case if, as one expressed it, the 
"asc.entling mass of hot gases froni the city prevent 
rain fall witshin the city by warniing the upper layers of 
air and increasing t,heir capacity to absorb water." 

,4n esaminat.ion of tlie table will show that t,he annual 
precipitation in Boston is less than that at  Blue Hill. 
In  this connect,ion it should be remembered that the 
rain gauge on Blue Hill is 510 feet, higher than that in 
Boston, and that the high buildings in the vicinity of 
the Boston post office deflect winds from certain direc- 
tions to a considerable degree, and thus necessarily 
affect the rainfall t o  some extent. However, the point 
t,o be elliphasized here is the fact that the difference 
between the annual precipitation recorcled in Boston 
and on Blue Hill is not increasing appreciably. 

The mean annual precipitation in Boston for the 20 
years, lS71 to 1590, inclusive, was 45.91 inches, while 
t,liat for the 20 years, 1891 to 1910, inclusive, was 38.80 
inches. At first sight, a decrease of over 7 inches per 
year in the average seems to  lend support to the state- 
ment quoted above,. but as a inatt,er of fact the rainfall 
has been deficient in recent years all over New England, 
whether the observations were obtained in cities or in 
the country. This is true also in regard to snowfall, 
for measurements made at  the base of Blue Hill show 
t,hat t,he average snowfall there during 5 of the last 6 
years WRS below the normal for the last 25 years. More- 
over, city dwellers frequently forget, that snow is carted 
away from city street,s and t,hat it meltas more rapidly 
upon h i c k  pavement,s itnd the roofs of houses than 
upon bare and frozen fields. Persons moving from 
rural or suburban homes to steam-heated apartments in 
the city naturally conclude that t,he winters there are 
milder and are accompanied by less snowfall. More- 
over, the man who recalls tlie deep snows of his boyhood 
often fails to realize that it was much more difficult for 
him to wade through 2 feet of snow when he was 4 feet 
tall than when his height had become 6 feet. 

Records of precipitation for Baltimore, Md., . covering 
the 87 years, 1817 to 1903, inclusive, show no decrease in 
the annual rainfall parallel to the growth of the city. 
The average annual precipitation in inches for each of the 
8 decades beginning with that of 1821-1830 is as fol- 
lows: (1) 38.01, (2) 41.25, (3) 37.82. (4) 41.46, (5), 
32.10, (6) 41.36, (7) 47.22, and (8) 40.49. The mean 
annual precipitation for the period IS17 to 1870, inclu- 
sive, is 38.13 inches, and that for the period 1871 to 
1903, inclusive, is 43.34 inches. 
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mum, 
0' or 

below. 
~~ 

SUMMARY AND CONCLUGIONS. 

In  the data given above there is little that suggests a 
positive answer to the question which fornis the subject 
of this discussion. If local causes produce an increase 
in the temperature of the air in a city, it ought to be 
shown by a constantly increasing difference bet\\ een 
the temperatures recorded in that city and those obtained 
outside in the countiy, a fact not apparent in the com- 
parison of the data for Boston and Blue Hill. hlore- 
over, if the temperature within a city is risin it woulcl 

tures, a condition not found in the long series of tem- 
perature observations for Boston, Baltiniore, and Paris. 
The fact that city temperatures are usually higher than 
those recorded outside in the country districts is probably 
explained by the differences in the controls referred to 
in the prececling discussion, a n d  can hardly he due to 
the effects of heat evolved by the city, as the greatly 
diminished amount of heat thus lost in summer has no 
apparent effect upon the diflerences in teiiiperrtture. 
In  regard to the frequencies of certain fixed teniperatiires 
the data are more or less conflicting. Precipitation, 
when Boston and Blue Hill are compared, shows little to 
support the idea of changing climate in the city. The 
conclusion niust therefore be that judging from the 
evidence available the heat generated by great cities is 
not changing their climates in any appreciable degree. 
TABLE 1,-The mean annual teniperntures of Boston and Blue Hill 

compared. 

be shown by an increase in the mean annua F tempera- 

Maxi- Mini- 

32' or 32' or 
below. below. 

mum, mum, 

-~ 

AUGUST, 1911 

27 
3s 
35 
36 
40 
31 
19 
34 
26 
34 
36 
25 
41 
48 
21 

COLD MONTHS. 

....... 
1875-76.. ....... 
l87G-77.. ....... 
1577-78.. ....... 
1878-78.. ....... 
1 8 i 9 4 . .  ....... 
L-81 ......... 
185l-S2.. ....... 
1983-83.. ....... 
ISS-84.. ....... 
l&S&%.. ....... 
I S M 6  ......... 
1SG-87.. ....... 

I 
Year .................. ' 1871 I 1872 I 1873 1 1S74 1575 1.1Silj I 18i7 IS75 1679 1 1850 

30 
34 
1.5 
33 
17 
2.5 
17 
21 
31 
36 
32 
32 

I '  Boston ............... 4 8 9  4 5 8  4 8 9 ' 4 5 6  4 6 6  47.9 501  5 0 2 ! 4 8 4  50.3 
BlueHill ............. ~ 4510 I44:2 141:; ~ 44:7 I42:9 145.5 1 4 i : l  I4710 ~ 45:ti 1 47.1 

Boston ............... 
Blue Hill ............. 

Difference ...... 

Difference ...... ' 3.9 1 4.6 1 4 . 2  1 3.9 1 3.7 1 2.4 1 3.0 1 3.2 I 2.5 1 3 2 
_ _ _ _ _ _ ~ _ _ _ _  - I 1  

Year .................. 

49.61 45.8 47.9 149.0 47.6 48.4 4S.5 47.3'  50.7 1 4Y.1 
45.8 45.2 44.2 46.3 45.1 46.2 46.1 41.4 47.7 1 46.3 

3.81 3.61 3.7I 2.71 2.51 2 . 2 ~  2 .41  2 . 9 ~  3.01 2.8 
----~---~- 

1 2 . 5 1  2.71 2 . 3 :  2.31 2 . 6 1  2.41 2 .6  Diffe rem...... 2.61 2 . i ~  2 . 2  
~~ ~ 

# , ,  . . ~~ 

Year .................. 

Bostou ................ 
Blue Hill ............. 

~. ~- - --p~ ~ ~ _ _ _ _ _ _ - ~  

TABLE 11.-Relatively warm and relatioely cold nionths in Boston. 

~ 

WARM MONTHS. - ~ - .-____________~ _ _ _  --p~-~ 

Month. I Departure. 1 Tear. 

January.. .................... 
February.. ................... 
March. ....................... 

ay. ......................... 
June.. ........................ 
July.. ........................ 
A u ~ s t  ....................... 
September.. .................. 
October ....................... 
November.. .................. 
December.. .................. 

~ i l  ......................... 

6" or more... . .I 
6"ormore... .. 
Goor more... .. 
5" O r  more... .. 
4 O  or more.. ... 
4 O  or more... .. 
3" or more... .. 
3" or more.. ... 
4' or more... .. 
4' or more ._ . . 
4' or more... .. 
5' or more.. ... 

1880,1889,lwJ. 
18i7. 
1871, 1.594, 1898, 1902, 
1910. 
1880. 
1883 1592 159Y 1908. 
1872' 1s8i' 1910: 
1872: 1898: 
1s81.1891.1891. 
1879.1yoO. 
1M. 1895, 1896, IYW, 
1577,1s81, 1859, 1E91, 

1903, 19111. 

lW2.1905. 
1S95, 1899, 190i. 

Month. i Departure. I YW. 

January.. .................... 6' or more... .. 1875 1858 1893 

March.. .................... 6' or more ..... 1872: l S d  
February .................... 6' or more ..... 1875' 1%' 190;: 

....................... ..... 
hiap .......................... 4" or more ..... 
June.. ........................ 40 or more. .... 

April.. 5O or more 

July.. ....... 
August.. .... 
8ept.ernber.. . 
October ...... 
November.. . 
December. .. 

1S76 1853 1868 1989. 
1871' 1573' 1875' 1901. 
1872: 1576: lW: 1590,lW. 

..... 

..... 

..... 

..... 

..... 

..... 

....... 

....... 

....... 

....... 

....... 

....... 

..... 30 

..... 3" 

..... 40 

..... 40 

..... 40 

..... 5" 

or more... . 
or more. _ _  . . 
or more.. ... 
or more.. ... 
or more.. ... ~ 

or more.. ... 

i d  i-iG1889,1891, 1595, 
1889: 19031 
12171. 
1S76 1853 1868 1989. 
1871' 1573' 1875' 1901. 
1872: 1576: lW: 1590, 1W. 

~- ~~~ I _ _ _ _ _ _  

TABLE 111.-The frepumcy of ccrtoin tt*91ip~raturc~ in Boston. 

Mini- 
mum. 
32" or 
,elow. 

119 
115 
128 
132 
121 
89 

129 
125 
124 
114 
130 
117 
115 
105 
124 
113 
i9 .. 
86 

108 

lS9142. ........ 
1SY2-93. ........ 

33-94.. ....... 
~. 
18! 
1Swg5. ........ 
1895-96.. .... ._.I 
189G-97.. .... ...I 
189745 ......... 
1896911 ......... 
180-1m.. ..... 
1 m 1 9 0 1 . .  ..... 
1901-2.. ........ 
1m-3.. ........ 
1W3-4. ......... 
19045.. ........ 
1905-6.. ........ 
1Wc-7.. ........ 
1907-8.. ........ 
1909-9.. ........ 

94 
120 
96 

120 
110 
100 
90 
98 

102 
103 
96 
60 

132 
128 
98 

110 
100 
101 

~ 

~ 

Mini- 
mum, 
0' or 
)elow. 
~ 

0 
a 
5 
2 
4 
0 
0 
G 
1 
2 
0 
4 
ti 
0 
1 
4 
2 
0 

TABI E 1V.- The an?ictul prtcipztalzo?i at Boston and at Blzte Bill 
conipa rcd. 

Tear ........................ 1 1571 1 1872 1 1873 I 1874 1 1875 1 1876 I 1877 I 1875 

Boston. .................... 50.23 ~ 54.53 43.52 ' 50.15 48.96 61.49 65.53 
Blue Hill .................................. 

Differenn.. ....................................... 
- 

...................... 
~~~ .- _ _ _ _ _ _ _ _ _ _ ~ ~  

Tear. .  

Boston ..................... 
N i l e  Hill.. 46.99 

4.85 ~ ~ ~ _ _ _ _ _ _  ~ 

~~ 

- 
~ 

TPW... ..................... I 1887 1 ms 1 1m I 1890 I 1591 i 1m2 I 1.593 1894 
__ ~ ~ ! I  ..................... '-I- ~~ 

Bo8tou ~ 33.75 4 5 , s  39.W 39.14 ~ 39.iO 3'1.02 41.84 
Blue Hill.. ................. 1 43.72 55. S4 54.60 1 50.79 1 50.27 39.73 45.08 

- 

3 h  62 
38.24 

I _ _ _ _ - _ _  
1)iffeelrnce.. ......... I 9.Y7 1 9.95 I 14.78 1 11.65 I 10.57-1 2.71 I 3.?4 I 1.82 

~ ~ ~ - ~ _ _ _ _ _ _ -  

Tear ........................ 1 1895 I 1% I 1697 1 1N8 I 1899 I 1900 I 1901 I 1902 

Boston ..................... 
Blue Hill ................... 

Difference ............ 

Yeor ........................ 

9.89 I 4.63 1 8.83 
I - -~ 

Boston ..................... 141.97 39 fi4 32 08 40 69 37 56 30 07 40 fi7 28 33 
Rlue Hill ................. _ I  46.76 1 '46119 1 39:45 I 4 5 : s  I 47:57 1 371% 1 43:29 1 34127 

Difference ............ i 4.79 I 6.65 I 7.37 1 4.84 I10.01 I 7.51 j 2.fi2 1 5.94 


